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-TA-S, 2, 7-7xty^oy y-i o-^f;H, 1 - 7xt 

2.-7x.~fV>~JVm, 1 - 7x/f 2- 
7x/f T^x/Vi, 3-7x/f7^^/Vl, 
v> /l^ N 1 0-7x/f J^^M, 1 - 7x/^f-i?^/vS N 
2-7*y^ti?^/H > 3-7x/afti? = ;Vl, 4 - 7 ^ y 
^t^^;uSao-7x7^ti? = ;wS s 2-t^t/y;H > 

4-t^ft/y^s, 5 - t^t/y;H, 2-^-^i?-^Ti/y 

5-t^fv?7^y/VS, 3 - 77f 2-^-airx 

^ /V- tf n — - 3 - 2 — o ■ — A/ — 4 -'f/H, 

2 — * f ^t°n~;v - 5 f /V'Ss 3 — ^ f ;Hf ;V — 1 — ^ 

/^S, 3 - ^ ^ /V- fc° n — /U - 2 - 4 /^m, 3-^f;Hfn- /i^ - 
4-^T/v^, 3 - ^f ;V-5-^;vS, 2 - t - 7 <?■ ;V 

^13-^-4-^^2, 3 - (2-7xx/V/a l^/U) fc° a — ;U 

^ - 1 - ^y Ky/H, 4 - ^ ^ - 1 
-^y 2-^f/v-3--f y Ky/Hs 4 - * f- ;v - 

KP/wJ, 2-t-7f;H-^^FJI/Vi, 4 - t - 
^fyvi-^y Ky/H, 2-t-7f^3--fy H;vS, 4 

- t-7f;>3~^fy Fy;H^!55f (f f)ti5o 
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2-^7=;vS, 1, 3 - ~? * y V =1 ,v % 

1 - ^f;Hf = ;H % 7f y;H,2, 2 - 7 * ^ ;v \f ~ ,v £ * 

2 , 2-^l>y;Vt^;Vi, 1 , 1 - ^ 

^S, 3, 3-^7x=^7!/7^, 1, 2-^^f;P7i/^S > 
1 -7*^/v - 1 - 7t = ;H, 3 - 37 ^ ^ - 1 - 3/7^/1^ 
4$ #s ¥ if b fi % 0 

*s $ xx T /V 3r A* S £ Itlt ^^p7olf;H, *s 9 u A* 

M)^7?;l, v^^^A-T^/S, t7f ^7xci;V7 ^ 7 




C 5£ * , A r 5 Ar e, ^OiAr 7, a % * *L ^ *l, & ± „ gl 

<z> (fi © & t£ < t & — o f* * ^ y v» -c «fc < , g fi 1 
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~ 4 (Dmm&m'to ) 
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[5£*> A r 8 ' , A r 9 ' , A r 1 l * ,Ar 13 ' A r 1 4 ' f4 % 

^0^#^S^r^b,Ar 1 °* &tJ*A r 1 a ' li^tlf^iiC, 
^ b , A 8, ~Ar 14 ' «/>^< H-oft^f P/VlXtt^f 

-fe V x 7xtV M/y, tfuy, a n ^ V , If 7 — % ^ — 7 

✓ — , t°y^v, ^ w ^ / v , 7tt7 h 
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& m tc i- 1> o.t *> S r. t a* & £ l 0 

3tr #0iJ ft m K — /< is V <D W t U X H ^ !)/VT^, T 
S H t & X % 5 o 



C^f.Ar 1 " ,Ar 2 " & T>* A r 3 " It^tl^Hm^K, 

tb b <d 4" <£> 4? ft < i t-oitxf y/vlirt^> p' 1 ~ 3 <Z) 

^tiii©A^0!t itii, mm v tc h (o m & m if b ti z> 0 





Ar 



4" 




Cx] 
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CSS*, A r 4 " RtfA r 5 " te, *l * tl & % j§St fit J© ifc 

UK 6 ~ 3 0 © T y b < « T ^ * /i^,7j< SHHC^X 

tt^7;St*l, q' 1 ~ 3 gd^!c&^1- 0 U^0/XliV(j: 

^2§©lt UfctO^^^rfbtb, TV — /um. T/V^/umR 
XfiT V -frT % S m<DMcfcMk bTte.iitffa bfc % co^^tHf b 

frl 5 o 

(A) r -B Cxi] 

^-^/vs^igf 1 6-3 o<7)@m^ b < aiii©7 y — 
m.xit^mu^^c 6 ~ 3 o (Dm&h b < temm&fDT y — jut 

5: J B«j^^m^!^10~40 <0*&^3f#Jfcat£«r^ b, r 
Hl)!7!J-;V7^i <D A f*09 t btfi, jt&fB b % <0 ^ a* # \f 

$ k N T IB <D f£ K — v h b 
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F -J2 



m & ~ # & %k K — a? h £ LTtt, 4# l<: $0 PS & a* > J& CD a 
rco«t 5 ft *i ~ # & m K — ^ x b u-ctt,7/v^-7Vf i v#tt- 
TIE — ^x^; C 1 ] ~ Cl 8] •C^^tbS^-B-'feSr^WS^^ 
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C — ffit^ C i ] ~ (16) 5£<£ N x 1 ~x 20 (± s tfL^fhm^L 

mmm^wt i — 2 0 <?> r/^/i^, Esiu #n£t> u< ^^^coa 

fiiiH©^$i-?t 6 ~ 3 0 y ^^t^^s.iif) l< 
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~ "C 3b o x t i v\ ] 

T /V ^ )V £ „ 7/V3^fJ//l/I, 7!I-^I, T y — /> £ „ 

7!I-;V7^/S, 7/V^f;V7^i, T ~ ^ <D ^ ft #!l £ L 

tfris bfc fe<7)^^#{f e>ns„ r y — /vt;v*;vt y £<?> 




C17D 



C183 



c-j^:^: (17] ~ (is) r 1, "~r 4,,, «:, **LJe 

t> , R""iR !, "It)!/X|j:R 3, "U 4 "' , l^ &3fc-&3!l 
^^Xtt-O-, — S -S:^LTS^lT^Tt) J; V> 0 R 5 ' ' ' 
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i>fiit i< ttit^^^igf 1 6 ~ 3 o (dt y - 

S>gm i b U< ftifi^^lUff 6~3 0©7U-^75 y 
^^$1^ U < afSe^Oj^^^^-m 1 ~ 3 0 <DT ;V^r A*T 5 7 
S * S $1 L < «tlgi^(D^^j!^^-^7~3 0 <DT ]) — JUT As* 
/VT 5 / £3U2e&t> L < «^«m^>^^M^^:8~3 0©7 

~R 16 '" <£> 4> ft < i: fc-o^75 >X«T;i/^-/H^tf 

7!)-/V7 5/ |, 7/^/1/7 5/1, 7 A- >Jr = /V ^ <D H ft; 0ij £ 
LT(i, HfrlBbfcfcO^asajfctfbtLSo 7D-/V7/V^/V7 5; 

m h lTjx.lfa-n y^&MWfFSS 0 2 8 1 3 8 1 

7;^f i^y(^7^ii|^,^^7;^f wyftt'yvii^, 



31 



WO 2005/006816 




CN CN 




;U=Ey > FU»;K Eg (ETM) =2. OEv 
Eg(ETM)=2.2eV 
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( i ) 

HAr — L— Ar l — Ar 2 (1) 

(5^4«s h a r fttii b < temmmn^mmmmmm, Ar 1 

Tkmm, Ar 2 lit«IH<Kif^oKit6'v40(Dr!l 

— ^^xfiem^b< & «t e m #t fjf i* 3-4 o <d^ t*tv 

— (1) {C*5V^T, lulBH A r , TIB — (2) ~ (2 

4) „ (a) (D^-rtifrymtstiz&mmmmmm, 
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U < «Mft^«7>^^^Cl~2 0 <7D T /V 3 ^ & *K n fcfc 0 

~50^ifcT?fc<9, n^2£JLJi(D#^- > ^ <7> R 51 V 113 — X 

X t> <fc V N „ ) 



tit) b < lillio^m ~2 o©7;^;vi,tit) b < 
Iiill©^it6~4 0 <dt V — /vMsU&h b < Biii© 

9 , ^ i|f M a^Jl^X^NR' (R' f« §E R 1 t 

<D rt* ^ if £> ^ 5 o 

trl5HAr«, TIB (25) ~ (44) 
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6 ) 

R 2 m 
(46) 

^ . R 2 tt, tHH<lilfiro^lt6-40(D7!J 

pi-tft o -c r % «£ < , m$k<DR 2 m±&%a& L-xmm 

— JR (1) *5 V> -C % Wu IE A r 2 te s T IE — j« a£ (4 7) 
~ ( 5 3 ) 
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(5*;*. r 3 tit) u < itmnm<Dmmm 6 ~ 4 o <dt v 

'-/HJit) L < Iiiit©^ii3 ~ 4 0 ©^r n 7 !) — 7k 

0 ~ 9 (DmWCs q 0 ~ 5 (DmWfVfo <Q . pXttp + q^2«J: 
m<DR 3 JD d: # jj£ UT^^at IT J; V\ ) ©v^ft 

— i&5£ (1) fck^-t, fuSEA r 1 TIB — $£5£ (54) 

Xtt (55) 
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m^-, giu< i-£mm&<ommm6 ~ 4 0 <d r y — ^ * , em 

O^^^cl~2 0(7)T7V=i^iy/vS-t?fc«9 x Ar 3 & A r 4 

^fP7 y-Zl'i, T 3f /V S & t>* T IV =t dr v- /V 

flso^flsr^l £ ItttJI^O 9 - 1 9 4 4 8 7 $g IE «c <Z5 
M £ f£ , T IE *R <fc 5 * y 7 ^ * n^^^^a^^%#:£|#s 
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fah b < f± ^ IS ft © * # 2£ % T /l" =» * 2£ N T A* = A- tf- * 
VI, TA^ =. /vt^r^S^ tit)l<ttltiory-;vS, 

<f±^*&ft<0«S:?gJ5fcLfc#3ST?ifc0 N R t ~R 4 te> * tb -6 
naftSHc, TkatfflC^, ^oyvlf, fit U< liilil©^^ 
tl~6 tt^7/W^;H, T A ^ X . 7 JI-/>t^*/i, 

T A =3r A # A ~ A S , T V '-/V* ;V#^;l'S, T A V # A 
7$ = A £ s 7^/^^i/*/^ = ;H, 7* ✓ S , T A =^ A- # A 
tj? -i /jx & *✓ ^ % 7!)-;^;^ = ^^^^!, 7/i/a^^*;v 
# sl /!✓ -ft ^ ix ^ x t V — /v- ^- =^ # /v ^ =. /v ^- df- 3£ N * ^ -7 ^ 

^;vS, T y '-^ls^rnil,r/v^-;v| > T A =^ = A ^ N 

7yi, r ^ - h » , >f yvr^-hi, ft^7^-h«, 

IF R 4 t>y x^;vS<Di^, XRVYtt, 7 /1/^;VS^T>'7 x 
=. A- * T? < * Ri & # R 4 ijSf x^/Hwi^, X & T>* Y 
te, -flUftflS****, R 2 &T>*R 3 te> 7/^/H, T V - 
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R 2 N R 3 N XRTfYte, ^Hf tltifc, 

A « x & 1* l t> & 55 « ^ # , ^ ti e> <d m sr w -r « * ^ r± » ^ 
't4^^ s i^j±:"t"^>fij^^r^r utv^<5 0 * f c s — tt <d mm m IC , IE ?l 
tt&Ji ( jetl&ajs ) , ^^n, t^aAS*a^s*fc^T?» 

mn l m*fc, if icJt^t^ 5:^5»it^ t ~ oil 
Tv^fco-e&*u£j;<, 011 *. rf * # 7 * , sw^5^t 

VO % <D Mi*®] t b T « N A u ft if <£> & JS , C u I , I TO, Sn 

o 2 , z n zvmn'&.mwttPc&mtf btiz> 0 mm&, - ti 



41 



WO 2005/006816 



PCT/JP2004/009290 



t uv> 0 $ b ftlicRi¥»^l: U5«5, Mflf 1 o 

n m ~ 1 ju m „ 0 * L < fii 1 0 ~ 2 0 0 nmOftB8T*Hf ^5. 

m^htiz> , r© j; 5 ^muti jc©;M$$j uttt.tfy 
b y ? a - # y # a & , ^ ^ * v # a % v^^j/n-i^ 

A 1 / A 1 2 O 3 , V r> A , T ~ £ A _ y ^- 

ifcW Q /OKT^ff* L < , JRff » % atl 0~ 6 0 0 nn,ff 
;£ L < fr± 5 0 ~ 2 0 0 n m © 15 ffl T? » HTtb 5 o 3§ }fc £ 5g i& 

3 fctf> ,^f^ E L ^^©^^ix«i^^© v^T *bd> — ^^^p^ 

LTte, JblHUfci 5^*^ h *m £ J£ V> 5 0 * * h *t fc. tt fc& 
fELfc K-xn-v K©flfc{c, t£5fc^*n ©^3fe#5^©^^6>^l:©^ 

^- Mb 3*- if / 'T Mb ^ 4& , ^ * ^ y v i? ^ ^ ^ ^ ^ & <*? 
©#tt7£fifcta:©&iMb-a*<i&«:/Bv^ 5 r t *s-e# So c c .lib 

# ^ ffi ^ ^ # ^Hb^ ^ U T t* , #1 ?L fc£ . TVb9-feV N ^ 7 * 
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z%m\? z z. t #*c* s 0 i, i, 4, 4-ff7 

7x^;V- 1 , 3 - :/ * 3? at V „ 4, 4' - (2, 2 - ^ 7 x - 
tv t? =. /V ) 7 ^ ^ ^ & £ jl V> 5 ^ £ £5 ^ £ £ 0 ^ © |§ }fc /l N 

*mW<Dmm& L3*^te:*3i* 6 iE ?L $f!i i£ JI (IE?L&AJI) tt , 
lETLfcig-fk^^^k&S t)©tfcot,iii; 9 & A £ *L 7c iE ?L 

j;f9^A$nfcm-7-f* N &ytm tsEummm cetl&aji) ©if 
itfiitsif ©ilia t) , #ftSrt©jf®K:si»$;h,, 5i 

5 ft jE & Ift iH » (5E?L&A«) v> n 5 jE?LeaMb£-4& , 

« # a* *q £ ti fa 2 m <d m m p^ \cmn £ ti x > mm a» e> je ?l a* & 

A&titc t £ jETLSral-gOKi^ftJi — fiSU5 5 t> © T? fe "5 „ 
7L fc£ % 1 0 4 ~ 1 0 6 V/cm©m#l=p;&nB#fc4>fr< £ t> 1 0 ~ 

6 c m 2 / V -^©EJL^KiSSr^r-t-S^OiS^ia-efciBo - <0 

& H AMU »J IS fii < % ^#^W^tc*3 V>T , IE?L©«# 

N, N, N ' , N ' h?-7^=-/]s-4, 4 ' ->^T^/7^ 
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A,) - 4, 4 ' -^7^/tf7x^;V (TPDA) % 2, 2-fcT 
x (4-i?-p- MJ/VT^/7x = /W) :/ n a?^ , i, l - if 
( 4 — — p-M)/V7^;7i^^) -^^n^dr^^^ N, 
N, N ' , N ' -fF7-p-fy^-4, 4' -v?7 ^ / t'7 
:c:=./l,fe ^f^#(f ^5. S i % S i C, CdSft^Oi 

A® f± % ^ft h <D1E1L%LA&W- 1 tXtt 2 «filt.ha» ft 5 1 jp-e 

#j* $ t t> <t u x fc v«t % mmiEiimAm t « sua© -ft -a- 
*^^ottE Lifo»i v^mmmmt Lt,i?^ii 

-a?V h fctt,«TF»»tt^#*«r»7GT?# 3#SC£3rj|£;fc,.5 0 
toT,-f ©iTntt^rf © # * * t ©Srffi V» S 

* ,0 * U V> 5g5n 14 K - ^ b t b T IS tt* SI ®. tfs 2 . 9 e 

3 6 e V) „ K (ft#lt : 2 . 2 8 e V) % R b (tt*g§gc : 
2. 1 6 e V) &T>*C s (tfc*0BBc : 1 . 95eV)*»&fc5# 
liXtt2l^±©7^^7j)^I^ > Ca (it*: 
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mm : 2 . 96V), Sr ({t*it : 2. 0-2. 5 e V ) &. 
t*B a (tfc*M!& : 2 . 5 2 eV) *^ 5»*» ^ 5 i 

Jfc Ifc ft 4> x ^tiELH^}^(t5^)fe«f ©i^i 

^*#^<b<lr^^i- 5 £ £ § o tfc*K^^s 2 . 9 e 

*-t£s C s <b N a , C s £ K s CstRbfc3VM3Cs£Nat 
K £ <73«a^^^*-efc 5 £ t >5S^* bV> 0 C s &m&&t>&T-& 
tt £ £ £ «fc t> s S^jtg^£5a^#Hc^£P r t a*T'# % ^ 

% ,\,zz?1rj T/V^y±|g^^^/v =I ^^^ K> T /V # y & 

^^^T'M^Sl^aAi^^ fcteKttTfc J: ^ 
AS«rtS!ttS£:fcH:«fc > «^»y-^ Sr^T3»tcB&Jh Lt.ff 
&A't4^[^±$-^§ -HSX^5 0 J; ? fcffiiftflcfc Utt, 

T/^D^I^/ka^t^f b\7/l/* y ±m^Jl ^7/^=3 y^-f K , 
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AfrWfctt, L i 2 0, LiO, N a a S N N a 8 S eR 

KHttt, flttf, C a O n BaO. SrO, BeO, BaS 
? fib *Bt Utt, «*.tf N L i F, N a F N K F N L i C 1 N 

kc i^u?Na c i m#mtrbtiz.&t>\,] t *TA>*r> ±m*m 

(D^u^f^itmt Lttt,«jttf v CiF.,BiF„SrF„ 

t^aAil:«^t^l*t ITS, B a N C a , S 
r> Yb, A 1 % G a , In, Li, N a , Cd.Mg, Si, 
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1 ix m^T s&ti L < 1 0 - 2 0 0 nmOil® ggjy J; 

z ^ kick*) mm ttff^t^i £ ■vm^zmmMf&jj& t u 

*»*K©B«ifci-Slif*«3t, £**atfc£fc,k * A ft « * % - 
8U£ % 7}f — h AD & ^50-400 °c, * ^ s 1 o - 8 ~ i o - 3 
Pa, 0 1 ~ 5 0 n m/#, 5 0 ~ 3 0 

0 «C,ffltff 5 n m~ 5 p. m <D gg BB T* 31 £ S JR f S C t ^1$ LV\ 

U<tt50-200n mOffiH £ £ £ 

«: N T tf> J; 5 tc L T $| j£ U 0 
( 1 ) ^^/p^^-^^y^ ( E g) o ^ 
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( 2 ) > ^ # t 1 >- v- ^ ( i p ) ©ft 

fulfil) 

2 5 mm X 7 5 mm X 1 . 1 mm Jf (0 I T OlSli##^7 

tr* ( n , n' -^.^^-r^^^j _ N> N ^ 

S> 7 4, 4* -5>T * / - 1 , 1 ' -tf 7 x=;H(^ 

T r T PD232 mj i!Pl&IEi-?> 0 ) SrjfcjKUfc. :©TPD2 
3 2 ^Ite, IE?L&AJf Ht«lt§ 4 i(DTPD 2 3 2 flH_hfc: 
^ff20nmOON ) N , N ' , N ' -f f 7 (4 - fc'7x^/U) - 
3>T5 / ^7*=/mt (KTrTBTBlj tS||Bt§ 0 : I p 
= 5 . 5eV, Eg = 3. leV) £ Jg| L 0 ^ <D T B T B ^ 
«jE?L#^il tLT«if§ 0 IS TBTB jg|_h N fltjp: 1 

0 nmlCXX?- » svmmfrt b T 4 ' , 4 " - fx ( 2 , 2 - V 
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V a. ;V tf =. ) - 9> 10-^7x=;Vjyf7ty (DPV 
DPAN) (Ip = 5. 7eV, Eg = 3. OeV) fcTftft^ 
*B1 4 7 0 nm, Ip = 5. 5eV, Eg = 2. 

8 e V) H'-A'yH^lHt4 0 : 2(^^ffltT*^*U 
tWL ^ ) ttfc, $ fefc, ftffa 

OnmCt^fD^lifDPVDPAN (Ip=5. 7eV, 
Eg = 3. OeV) £TlBte#4fcRl 5 6 0 n m, 

I p = 5 . 6 e V , Eg = 2. 6 e V ) Sr K — ^VKk#*H 
T4 0 : 2 <D*ff J*-?*** b^g*^ IHS)fel ( 3§ 
«) i Ufc 0 dOM_hicm^«||^® LTil2 OnmOETM 
20 ( I p = 5 . 7eV, Eg = 3. OeV) £/jfe«l,fc 0 Z <D 
L i F frK* 1 nml:t»«|$t, « ^ & A 11 £ 
MLfc.^liil^lA 1 Sri 5 Onmlf 

m.EE 5 . 0 V, ISilSl 1. OmA/cm 2 T - N 3§ ft ^ 
1 0 0 0 n i tO6ft»*^^^| lilJ(0> 3 3,0. 
3 3) % 383te8b*tt 9 . lcd/A, 5. 7/V-^ ^/WCfco 
fco * fc, #J$«¥& lOOOnitCXilT, 1 5 0 0 R$ffiR 
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ETM20 



t-fcfr TBTB J^JbfC, flKjy lOnmfdT^^y /Wlf^fls: 
DPVDPAN(Ip = 5 . 7 e V, Eg = 3. OeV) t _fcf3 
(^^M70nm, Ip = 5.5eV,Eg = 
2. 8 eV) 5:K~/^M^feHt4 0 : 2 <D mm #> -T* * ^ 
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fl0nmtTXf!);V||^ D pv D p AN(lp = 5> 7e 
V, Eg = 3. OeV) k_tmfc&®R 1 ( 3§ ft t 0 - ^ 5 6 0 n 
m, I P = 5. 6 e V, E g = 2 . 6eV) «r K — Mfc & 

3§ft«) tLfc 0 -00^, iS20nm(ctxf!J /UfittttD P 
VDPAN(Ip = 5 . 7eV, Eg = 3. OeV) tiBfls* 
• Bl (3§ftfc> 4 7 0 nm, Ip = 5 . 5eV, Eg = 2. 
8 e V) * K-^"> LT40: 2 ©iJ?ftT'*If L 

4 . 5V N m^^^lO. OmA/cm 2 let, ^^SI 
1 0 0 0 n i t ( 0 . 2 8, 0 . 

35)^^(110. Ocd/A, 7. 0/P-p< y/WT* 
^fc 0 £ fc, #jm#t££ 1 OOOn i t KlT&ffiT\ 1 5 0 0 ^ 

3 / / n&mm*m <Dmmm 

&m e l m^-(Dwu) 

DPVDPAN (Ip = 5. 7 e V, Eg = 3. OeV) t ±W> 
MR1 (^^neOnm, Ip = 5.6eV,Eg = 
2. 6 e V) £ K-^V Mfc^fcfc 1X40: 2<OKffJfC#fK 
^-^ft« <*fe3R**Jl) £ Ufc 0 £ Hflr 
1 OamlCt^f y/HH# D PVDPAN(I p = 5 . 7 e V 
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Eg = 3. OeV) t -hiEfc^#>B 1 (Sg3fcfc°-*470nm, 
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